Abstract The study design includes prospective evaluation of percutaneous osteosynthesis associated with cement kyphoplasty on 18 patients. The objective of the study is to assess the efficacy of a percutaneous method of treating burst vertebral fractures in patients without neurological deficits. Even if burst fractures are frequent, no therapeutic agreement is available at the moment. We report in this study the results at 2 years with a percutaneous approach for the treatment of burst fractures. 18 patients were included in this study. All the patients had burst vertebral fractures classified type A3 on the Magerl scale, between levels T9 and L2. The patients' mean age was 53 years (range 22-78 years) and the neurological examination was normal. A percutaneous approach was systematically used and a kyphoplasty was performed via the transpedicular pathway associated with percutaneous short-segment pedicle screw osteosynthesis. The patients' follow-up included CT scan analysis, measurement of vertebral height recovery and local kyphosis, and clinical pain assessments. With this surgical approach, the mean vertebral height was improved by 25% and a mean improvement of 11.28°in the local kyphotic angle was obtained. 3 months after the operation, none of the patients were taking class II analgesics. The mean duration of their hospital stay was 4.5 days (range 3-7 days) and the mean follow-up period was 26 months (range 17-30 months). No significant changes in the results obtained were observed at the end of the follow-up period. Minimally invasive methods of treating burst vertebral fractures can be performed via the percutaneous pathway. This approach gives similar vertebral height recovery and kyphosis correction rates to those obtained with open surgery. It provides a short hospital stay, however, and might therefore constitute a useful alternative to open surgical methods.
Introduction
Vertebral fractures have been studied in detail in terms of their instability and the underlying mechanisms. They tend to occur preferentially at the thoraco-lumbar spine junction (60% of these fractures are located between T11 and L2), and Magerl [1] has subdivided vertebral fractures into three main types: type A compression fractures (lesions of the anterior spine), type B (transversal lesions involving both spinal columns) and type C (rotational lesions involving both columns). According to this system of classification, burst fractures belong to class A3. They account for 28% of all fractures of the thoracolumbar spine and are associated with an intact posterior ligamentous complex [1] . A second subdivision is done for burst fractures: A3.1 corresponds to an incomplete burst frature, A3.2 to a burst-split fracture and A3.3 to a complete axial burst fracture.
The management of burst fractures not associated with any neurological deficits has not yet been properly codified. The treatment used to be purely conservative [1] [2] [3] , but the risk of secondary neurological complications due to the occurrence of local kyphosis and the development of novel osteosynthetic materials have given rise to new surgical methods. Since the last decades various techniques have been described for the treatment of burst fractures with satisfactory results. Richter et al. [4] described an original procedure of transpedicular grafting of the vertebral body to prevent loss of correction by consolidation of the anterior column. At this time, posterior approach with shortsegment pedicle screw fixation seems to be the most widely used approach [3, 5] , and some surgeons systematically also perform an anterior intervention at a later date. This two-stage procedure considerably lengthens the patients' hospital stay and increases the surgical risks involved, especially for patients with co-morbidities. On the other hand, recent development of percutaneous techniques to stabilize the vertebral body with cement have emerged and have been used alone in association with posterior osteosynthesis for traumatic lesions with good outcomes [6] [7] [8] [9] .
We present here the results of a new method of dealing with type A3 burst fractures, using a single posterior transcutaneous approach combining a balloon kyphoplasty with percutaneous osteosynthesis. The aim of this method is two-fold: to reduce the fracture by performing kyphoplasty, and then to consolidate this reduction using posterior osteosynthesis and the cement to buttress the anterior part of the damaged vertebral body.
Materials and methods
Eighteen patients were included in this prospective study: there were 12 males and 6 females with a mean age of 53 years (range 22-78 years). All the patients had vertebral compression burst fractures classified as type A3 on the Magerl scale, without any neurological complications. All the patients in this series underwent preoperative clinical assessments, neurological tests and pain assessments using the visual analog scale (VAS). The radiological tests performed prior to surgery included standard frontal and lateral X-rays of the fractured vertebrae, CT scans with axial, sagittal and coronal reconstruction, and magnetic resonance imaging (MRI) in order to check that the spinal cord and the posterior ligamentous complex were intact.
Surgery was indicated for patients with thoracolumbar burst fractures without spinal cord compromise, with a normal disc on the MRI and more than 15°of local kyphosis and/or 25% of vertebral height loss. All patients showing discal damage on MRI or with neurological signs were excluded from the study.
Exactly the same surgical method was used on all the patients under general anaesthesia in the prone position on a radio-transparent operating table. Patients were installed with surgical bolsters placed under the thorax and the iliac crests in order to induce spinal lordosis and facilitate the reduction of the fracture.
The first surgical stage consisted of performing percutaneous kyphoplasty with 2 balloons after cannulation of the pedicles of the fractured vertebra under scopic control. The fracture was reduced by the combination of the method of installation and the inflatable balloons applied. Each balloon was inserted on the anterior part of the vertebral body under control of a lateral fluoroscopic guidance. Positioning of the balloons was guided by the type of the fracture. On the lateral view, the ideal direction was parallel to the superior endplate of the vertebral body in case of type A3.1 or A3.2 lesion and in the middle of the fracture body in A3.3 lesion. On the anteroposterior view, the direction of each balloon was convergent to the middle of the vertebral body. Cement was then injected into the anterior part of the vertebral body to consolidate the reduction and prevent the occurrence of secondary kyphosis. Polymethylmethacrylate (PMMA) acrylic cement was systematically used for the first patients of the series. In a second time, PMMA was used for patients older than 50 years and phosphocalcic cement (Calcibon TM , Biomet, Warsaw, Indiana) was used for patients under 50 years.
In the second surgical phase, percutaneous osteosynthesis was performed using Sextant TM device (Sofamor Danek Medtronic, Memphis, Tennesse) and pedicular screws were installed under frontal and lateral scopic control. Short-segment screw fixation bridging only the fractured parts was used. No external contention devices or braces were prescribed after the operation.
During the follow-up period, all the patients underwent clinical assessments, tests to check that they had no neurological deficits and VAS pain assessments. The radiographic check-up systematically included CT scan reconstruction in order to check that the implants were properly placed and that no cement leakage had occurred into the spinal canal.
After leaving hospital, the patients were followed up as outpatients at the hospital ward: residual pain was assessed and the results of CT scan radiography performed 3 months, 6 months, 1 year and 2 years post-operatively were analysed.
Recovery of vertebral height ( Fig. 1) was measured on the sagittal reconstructions, using two indices: first by comparing the height of the anterior face of the fractured vertebral body with that of the adjacent body both pre-and post-operatively, as described by Acosta [10] ; and secondly, using the Beck index, as described by Maestretti [6] , to compare the height of the anterior face of the fractured vertebral body with that of the posterior face of the same body. The presence of any local segmental vertebral kyphosis was checked both before and after surgery.
The results obtained were analysed statistically using the Kolmogorov-Smirnov test to check the normality of the data distribution and Pearson's coefficient of correlation was determined on paired series of pre-and post-operative measurements. Student's t test for paired series was used to test the significance of the differences between pre-and postoperative measurements with an alpha risk level of 5%.
Results
Eighteen patients with vertebral burst fractures (12 males and 6 females) were treated using the surgical method described above. The patients' characteristics are summarized in Table 1 . The lesions were located at T9 level in one case, T11 level in one case, T12 level in four cases, L1 level in nine cases and L2 level in three cases. The fractures were classified as type A3.1 in seven cases (38.9%), A3.2 in two cases (11.1%) and A3.3 in nine cases (50%).
None of the patients were found to have any postoperative neurological complications. The mean pre-operative pain intensity level was 6.8 on the VAS (range 4-8). 20-mL inflatable balloons were used during the surgical procedure on all the patients, and the mean amount of cement injected was 6.4 mL (range 3.5-9 mL). The mean duration time of the operation was 100 min (range 90-120 min) and since there was very little loss of blood, no blood perfusions were required. PMMA acrylic cement was used in 13 cases (72.2% of the patients) and phosphocalcic cement in 5 cases (27.8% of the patients). The phosphocalcic cement was used later in our experience, associated to our learning curve, due to the fact that such cement is less radiopaque with a fast crystallization that requires a quick injection in a more liquid phase than PMMA, increasing the risk of leakage.
The patients' pain levels improved significantly after the operation, since the mean VAS dropped to 1.1 (range 0-2) (p \ 0.001) on the day of discharge and at final follow-up. No neurological complications and scare infections were noticed during the follow-up period.
Analysis of the post-operative radiographic and scanographic images confirmed that all the pedicular screws were properly positioned. The CT scan images also showed that no cement leakage had occurred into the spinal canal (Fig. 2) , and two cases of lateral leakage were diagnosed without clinical consequences. On post-operative examinations, no signs of significant phosphocalcic cement resorption or bridging of intervertebral segment were noticed. Based on the post-operative radiographic and scanographic images (Figs. 3 and 4) , the restored vertebral height was judged to be satisfactory in all the patients in this series. The results of the statistical analysis showed the occurrence of a significant increase (p \ 0.001) in the values of the two vertebral height indices used. The mean ratio between the height of the anterior face of the fractured vertebral body and that of the adjacent body, which amounted to 65% pre-operatively (range 36-83%), increased to 89% (range 67-100) post-operatively, corresponding to a vertebral improvement of 24.2%. The mean value of the Beck vertebral height index also increased significantly by 26.4%, from 65% (range 40-83%) to 92% (range 82-100%) post-operatively. Similar significant differences (p \ 0.001) were also observed in the local kyphosis measured at the level of the fracture, which improved by 11.3°(mean pre-operative value 14.4°(range 5°-35°) vs. mean post-operative value 3.2°(range -5°-10°).
The results of all the statistical tests carried out are given in Tables 2 and 3 .
The mean duration of the hospital stay was 4.5 days (range 3-7 days) and the mean timing of resuming work was 3 months.
The patients in this series were followed up for 26 months on an average (range 17-30 months). The vertebral height showed an average loss of 3% and local kyphotic an average loss of 2°on the measurements performed at the end of the follow-up period. No statistical difference was observed concerning vertebral loss and disc height between the different types of fractures, but this may be due to the reduce size of each group.
Discussion
The management of thoracolumbar burst fractures in patients with no neurological deficits has not been properly coded to date. No consensus has been reached between those using orthopaedic and surgical approaches to these lesions, and none of the methods proposed in the literature seem to stand out significantly from the others [11] .
However, surgical treatment of these fractures seems to reduce pain and mobilize the patients more quickly, and the duration of the hospital stay is therefore shorter in this case. The development of new minimal invasive strategies can be therefore an interesting alternative for the treatment of burst fractures and the results of a recent prospective study [6] with standalone balloon kyphoplasty showed satisfactory outcomes, especially for A3.1 fractures.
Like all surgical interventions, pedicular screw stabilization is not devoid of risks, since it can cause nerve injuries. Pedicular screws were implanted in this study using a percutaneous approach under frontal and lateral control, which ensures for greater safety, as confirmed by the fact that the post-operative CT scan images showed that the screws were all properly positioned in the present series of patients.
Cementoplasty also involves risks of complications, including cement leakage into the spinal canal. In the context of traumatology, the risk of cement leaking into the spinal canal is greater when the posterior wall has been damaged, as in the case of burst A3 [12] type fractures. In a study by Ryu [13] , the risk of leakage was assessed depending on the volume of cement injected and the level treated. Greater leakage was found to occur when the level treated was superior to T7, where the risk could be as high as 26.5% of the patients treated. The use of balloon kyphoplasty makes it possible to reduce the risk of leakage and thus the risk of occurrence of mechanical compression and exothermic reactions involving nerve structures [14] . After reducing the fracture using inflatable balloons, the reduced fracture can be consolidated by injecting cement as anteriorly as possible, which prevents the cement from entering the spinal canal [15] .
The most original feature of the method presented in this study is the fact that the fracture was reduced and the spinal column was stabilized using a purely posterior approach. Applying a single posterior osteosynthesis is known to involve the risk of secondary kyphosis, corresponding to an angle of 5°in 68% of the patients in a series studied by Been [2] . The loss of correction is most important when short-segment osteosynthesis is used, which is becoming increasingly common in the field of traumatology. The use of the percutaneous Sextant TM system involves the implantation of polyaxial screws which are less rigid [16] and might therefore increase the risk of loss of correction with time, as reported by Palmisani [17] (5.1°of loss of correction on local kyphosis with a mean follow-up of 14 months). It is therefore necessary to stiffen the reduction by consolidating the anterior part of the vertebral column. For this purpose, some authors have suggested using a combined posterior and anterior approach. Uchida [18] recently reported that vertebral kyphosis could be corrected more efficiently using a posterior approach, but that the correction was gradually lost, which meant that the outcome at the final follow-up was equivalent to that obtained using an anterior pathway. The method described in the present study, which is based on the use of a single posterior approach, combines the advantages of efficient reduction obtained via the posterior technique and stable reduction obtained via an anterior approach. The results obtained here are in line with those of a previous study on a balloon kyphoplasty procedure, where vertebral height was restored by more than 20% [19] and local kyphosis was improved by 9.9° [20] . According to our study, correction obtained is also stable in time with a nonsignificant loss of correction at final follow-up (3% of vertebral height and 2°o f kyphosis after 2 years) and seems to occur during the first months after surgery.
The combined method presented here, involving both kyphoplasty and percutaneous osteosynthesis, therefore provides a useful strategy for dealing with Magerl A3 type burst fractures not associated with neurological deficits. After undergoing this minimally invasive surgery (Fig. 5) , patients are able to return home quickly after a mean hospital stay of only 4.5 days compared to 10.1 days in the case of patients treated via the posterior pathway and 7.2 days in patients treated via the anterior approach [3] . However, length of stay and the time of resuming work must be considered with caution due to various factors like organization of medical system or insurance reimbursement system that may influence these parameters. It is also possible to perform hardware removal through a minimally invasive approach and we recommend it especially in young patients to preserve mobility of adjacent levels.
This percutaneous method therefore seems to provide a useful approach to these vertebral lesions when no neurological deficits are present: no significant changes were observed in the results obtained 2 years after the operation was performed. In our opinion, this is a promising method of treating A3 burst fractures in patients without neurological deficits. 
